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No slope 

(slope =0)' 



T 
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4 1 




n 



Assign max segment right position 
(maxSefimeni[numMaxSeKincnts].indcxRiKht 



Increment 
numMaxSegments 



I 



Assign max segment left position 
(maxSeRment[numMaxSesments].indexUft = count- 



5 



Positive slope 
(slope s= I) 




yes 




yes 



Increment data counters 
(count++) 



3 



(Negative slope OR 
No slope AND Negative 
Delayed slope) 



Assign max segment righ? position • 
(maxScfiment[numMaxSc)5mcnts)andexRight 



Increment 
humMaxSegments 



Assign boundary and peak values 
for max sej^ments 



no 



FIG 



25 (cpnt) 
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InilialUc numMinScgments 
(numMinSegmcnts = 0) 



FIG 26 



yes 



Negative 
slope 




no 



yes 



Assign min segment left position 
(minSegment[nuTnMinSegrnents].inde 



Posii 
sloi 


ive 






— 


Positive delayed 
slope 



1 



Reduce 
numMinSegments 



5 



Initialise data 
count 




no 



Assign max segment peak position 
(minScgmcntInumMinScginents].indexPeak = count- 



I 



Positive 
slope 



yes 



Posidve slope OR 
No slope AND Positive 
Delayed slope . 



no 



2 t T 3 



5 
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4 1 




no 



Assign min segment right position 
(minScRmcnl[numMinScRmcnts].lndcxRlj!ht = count- 



increment numMinScgmcnts 
(numMinScfimcnts++) 



I 



Assign min segment left position 
(mi nScg me n t{ nu mM i nSc gmcnts) jmlexlxft = counl- 



Negative 
slope 




yes 



Yes 



Increment data counters » 
(count++) 




(Positive slope OR 
No slope AND Positive 
Delayed slooe) ' 



Assign min segment right position 
(minSeKmenttnumMinSegmcnlsl.indexRiKht = dataSize- 



1 



Incrcmcm numMinScgmcnts 
(numMinScgments++) . 



Assign boundary and peak values 
for min se^ents 



no 



FIG 26 (cent) 
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e 
So 

M 



C 

■§ i 

o 2 



1 



Detect aJI tim 
slope change 


e positions of 
in EEC signal 






•Detect segments of three 
causes "siope change" points 




r 


Classify height, width and 
error for every segment 




11 





Sweat artefact, muscle or noise error = 0 
(ie. Movement) 



YES 



Is high 
frequency and small 
error <sJi_(signal height) 
• K (co-efficient) 



NO 




Approximate EEG over Che 
segment remove current 
segment. 



ie. Substitute glitch 
complex between 
Y^and X Ywith 
straight line. 



EEG analysis for Sleep Wake 
detection 
or in other words: 

Y(X) = (X.X,)xaVYa + Y 

X2 - X| 



High frequency, 
small error 
Xi.Yj ' 




X,Y 



High frequency 
sweat error . 



Sort all segments 
according to their 
duration (respective 
EEG frequency band). 




Approximate 
Result 



Refer to above 
text 



FIG 27 
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Compare total duration 
of "slow" segment 
with threshold • detect 
sleep. 



Refer to RHC 
referenceove 



.eg) Note 1 . we do not apply glitch element sleep analysis is corrupted due to excessive fast frequency 
^Slse or artefact signal corruption (this fast frequency artefact can be created by generadon of muscle 
movement) 



Note 2. 




BE. Instead of this example being interpreted as alpha it 
^ may ( due to glitch) be 'interpreted as beta and generate 
errors in sleep state assessment 



FlG27(conl:) 
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Data weighted & Display Normalised (1-00) BIC & 

AEP 
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Input data for S=l, S=2, S=3 S=n-1, S=n 



Input 


S=l input 


Analysis 


data 


Type 




1 


26 


2 


79 1 


3 






4 


56 


5 


33 




89 



FIG 30A 



Input 

Analysis 

Type 


S=l input 
data 




1 


'26 ■ " 




2 


33 ' ^ 


3 




4 


57 . 




5 


30 



Where S = data sample 
S1 = data sample 1 

Where ns total number of data samples 



FIG 30B 
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SKILLED AND AUTHORISED USER 
INTERFACE FOR VARIATION OF 
WEIGHTING FACTORS 



ANALYSIS TRANSITION WEIGHTING - ALARM THRESHOLDS 
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R&K 


AEP 


AROUSAL 
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UNCONSC TO CONSC 


0 


0 


90% 
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CONSC TO UNCONSC 


90% 


0 
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WEIGHTING 
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AROUSAL 
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Wf 
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CONSC TO UNCONSC 
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60% 
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HYPNOTIC 
SENSORY 
CONSCIOUS- 
NESS 

ANALYSIS 
BLOCK 10 



START 



I 



AUDITORY 

SENSORY 

ANALYSIS 

BLOCK 11 



READ BIC AND AEP 
ANALYSIS 

BLOCK 38 



SLEEP 
STATE 
DETERMIN- 
ATION, FOR 
DETECTION 
OF 

CONSCIOUS 
AND 

UNCONS- 
CIOUS STATE 
BLOCK 21 



AEP-BIC OUTPUT SELECTOR 

WHEN AEP INDEX IS > 50. AND SUBJECT STATE IS 

IN TRANSITION FROM CONSCIOUS TO 

UNCONSCIOUS OUTPUT BIC INDEX. 

WHEN AEP <= 50 AND SUBJECT IS IN TRANSITION 

FROM CONSCIOUS TO UNCONSCIOUS AND THEN 

(AFTER TRANSITION FROM CONSCIOUS TO 

UNCONSCIOUS) SUBJECT STATE TRANSITIONS 

FROM UNCONSCIOUS TO CONSCIOUS OUTPUT BIC 

UNTIL AEP VALUE >= 305. 

WHEN AEP IS IN TRANSITION STATE FROM 

UNCONSCIOUS TO CONSCIOUS AND AEP > 305 

OUTPUT AEP INDEX VALUE. 

BLOCK 39 



SWITCHING TRANSITION LEVEL SHIFT REMOVAL 
WHEN SWITCHING BETWEEN AEP AND BIC APPLY LEVEL 
MATCHING IN ORDER TO PROVIDE A CONSISTENT 
OUTPUT DATA VOID OF DATA JUMPS (DUE TO 
SWITCHING BETWEEN BIC AND AEP). 
I BIC VALUE - AEP VALUE ' 
BLOCK 40 



DISPLAY AND REPORT OUTPUT 
BLOCK 15 



i 



BIC & AEP DISPLAY RANGE 
SCALING. BLOCK 26 



END 
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ECG 
electrode 




Oximeter 

probe 



Patient 
Monitoring 
Device 
(PMD) 



FIG 33 



Wireless link can be from 
ECG electrode to PMD, 
Oximeter probe to PMD and 
Bipod pressure cuff to 
PMD. Alternatively 
wireless link could be any 
combination of the above 
dotted lines. 
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EOG eye 

electrode for 

electrical 

signals. 

Self adhesive 

electrodes 

with 

electrical 

conduction 

elements. 




Carbon tracks for 
inductive or 
capacitive coupling 
Detection. 



Carbon tracks for inductive or capacitive 
coupling 

Detection. The coupling action and 
variable capacitance or inductance 
allows calibration of a subjects open and 
closed eyes and determination of 
percentage between full-eye opening and 
full eye closure. 



hinged 
sections 



Example of at tachment to subje ct's eyg; 




Electronics 
inter&ce 



Hinge 
provides a 
sensor 
action for 
the sensor 
as the 
subjects 
eyes open 
and close. 



36 




2 wires associated with 
capacitive coupling or 
inductive coupling, plus 1 or 
2 wires for EOG electrode 
connection (depending 
whe Aer 1 or 2 electrodes 
are required). 



Eye Track- 
Sensor 
deflection 
Capacitive or 
inductive 
coupling of 
sensor varies 
with eye lid 
positioning. 




FIG 34A 
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Example of self-applied 
Eye tracking sensor. 




Electronics 

interface 



Attachment 
pads provide 
self adhesive 
connection to 
subjects upper 
and lower eye 
outer 

carinthius and 
also provide 
an inner 
section with 
conductive 
surface for . 
EOG signal 
detection. 



Eye Track- 
Sensor 
deflection 
Capacitive or 
inductive 
coupling of 
sensor varies 
with eye lid 
positioning. 




FIG 34A (cont) 
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37A 



Connected to eye track sensor 



oscillator 




Voltage Output 
varies in 

proportion to eye 
track sensor 
deflection 
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FIG 34B 



Variable inductor established by a 
coil on each arm of eye tracking 
sensor, changing amount of 
coupling and subsequent 
inductance with closure and 
opening of a subject's eyes. ' 



resistor 



oscillator 



Variable capacitor 
established by a plate on each 
ann of eye tracking sensor, 
changing amount of coupling 
with closure and opening of a 
subject's eyes- 




Connected to eye track sensor 



Low pass 
filter 



37B 



Voltage Output 
varies in 

proportion to eye 
track- sensor • • ^ 
deflection 



FIG 34C 
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Front view lAE 




Side view lAMES 



Wireless 
Electronic 
Module 
(WEM) 



Electrode 
Attachment 
System 
(HAS) 




FIG 35 
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EOG surface 
electrodes. 
Also available 
for R&K EEG 
derivation and 
Arousal 
derivation. 



Flexible insert 
allows elasticity for 
accommodation of 
different patient , 



sizes 



Wireless Electronic 
Module (WEM). 



Bicoherence outer 
malbar bone surface 
electrodes. Also 
available for R&K 
EEG derivation and 
/ Aroii.<!al fieri vati on, 



Redundant 
electrodes allow 
automatic (subject to 
impedance test, for 
example) electrode 
substitution. 



Self-adhesive electrode with 
electrical conductive pads for 
electro-physiological 
bicoherence, EOG, chin EMG 
and reference electrode sensors 



Reference electrodes. 




Eye tracking 
sensor system 



'ireless AEP mic module 



Wireless Electronic Module(WEM) 
Electrodes come in varieties 
including; 

^-Attachable version to disposable 
dot surface re-usable electrodes 
(such as from 3M)-reusabIe 
electrode 

-disposable electrodes 



AEP auditory nerve electrode and 
& redundant electrode. 



Chin EMG 
electrodes 



Electrical 
interface 
connected to 
monitoring 
device. 



FIG 36 
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WEM option attached via wires or connector interface to electrode 
system, for wireless option of ISES system. 



EOG 

electrodes 



Bicohereace 
electrodes. 



O 



Reference 
electrodes 







;hin EMG 
electrodes 



Self-adhesive electrode with 
electrical conductive pads for 
electro-physiological 
bicoherence, EOG, chin EMG 
and reference electrode sensors. 



FIG 37 



46/54 




Two (2) Electrodes for 
anaesthetic monitoring 
Anetesthetic 



Snap-on transmitter 



Patient 



FIG 38 




NN 



Waveform 



Depth 



Signal Quality xxx 




Version where active 
electrode is positioned 
via very short wires to a 
convenient location 
point such as under a 
head cap or other. 



FIG 46 




Wireleiss module with in-cMrect 
attach format where wireless 
module attaches via small wires 
and press-stud, clip or slide in 
type connection formats direct 
to or electrode substrate or 
electrodes, which are in 
attached to patient. In this 
format the in-direct attachment 
provides increased interference 
dure to longer interconnecting 
wire distances. 
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power-o.n or \ 
watchdog reset J 




send SYNC packet 
(timeslot request) 





No 



Store Slave ID, channel 

mark timeslot, wait 1 sec 



Insert data in FIFO 
Call PC Host 
Transfer Raw data to PC 




hop to next PN 
channel (curr slave ID) 



T 




Next Slave ID 
Next channel 



FIG 39 
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(power-on or 
watchdog reset 

" ^! 



try acquire master slot 
request 







49/54 



RAW DATA 




SECONDARY 
ANALYSIS 



Spectral analysis 



95 % Spectral 
Edge 

Average 90 % 

Spectral Edge 

Average 

medium 

frequency 

Combined 

Univariat 

Power 

Relative Delta 

Power 

FFT. 



On-Line Sleep 
staging 



R&K 
Arousal 
PLM 
14 period 
EMG 
Body 
movemen 



Auditory 

Evoked 

Potential 



Middle 
Latency 



AROUSAL 
STATE & 
INDICIES 



VITAL 

SIGNS 
-PTT 
BLOOD- 
PRESSURE 
-HEART- 
RATE 
-SA02 
-Respiration 
Event 
Analysis 



SPECTRAL 
ANALYSIS 




SPECTRAL 
OUTPUT 



AUDITORY 
STATE AND 
INDICIES 



SLEEP STATE 
& CONTEXT 
ANALYSIS 





EEG Initial 

Wave 

EEG 

Amplitude 
EEG Spike 
EEG wave 
EEG 

Kcomplex 
Biological 
Blanket 
Sensor 



OTHER 
STATES & 
INDICIES 



Weighting and probability based on secondary analysis and patient specific variables 



TERTIARY ANALYSIS 



Single Index or depth of sleep/wake/hypnotic state/depth of anaesthesia 
Summary of all indices of secondary analysis and weighting to derive above mentioned 
single index. Patient sedation Index (sieep/wake) based on R&K plus Coherence analysis . 
Vigilance (wake) based on BIS. Patient sleep/rest based on BIS and R&K. 



t 



Vigilance status and Graphs: 
Hypnotic Level, Sleep Level, Activity Status, Shake-Gait-Movement 



FIG 41 
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Wireless electrode 
interface, processor 
and vigilance alarm 
system. Phasic 
Spectral analysis can 
be detected via 
reusable or disposable 
driver electrodes. 
Alternatively or in 
addition audio 
earphone and audio 
EMG electrodes can 
be used for more 
advanced hypnotic and 
vigilance detection. 
Driver can be alerted 
by secondary means 
such as alarm or 
winding down vehicle 
windows. Same 
principal applies to 
pilots and other 
transport systems or 
machine operators. 



7 8 



91^ iiir t t 



FIG 42 
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Audio 



Video 




Video to digital 
conversion for 
Audio and 
Video signal an 
camera contr- 





AEP SOUND OUTPUT 
TO PATIENT EAR- 
PffiCE OR 
HEADPHONES (3) 



SIGNAL AMPLIFICATION & 
FILTERING 

EEC SIGNAL AMPLIFIER 

EEG SIGNAL AMPLIFIER 
SIGNAL REFERENCE 
EOG SIGNAL AMPLIFIER ' 
EOG SIGNAL AMPLIFIER 
AUDITORY EVOKED 
RESPONSE (AEP) SIGNAL 
AMPLIFIER 

EMG SIGNAL AMPLIFIER 
EMG SIGNAL AMPLIFIER (2) 



i 



DIGITAL TO 

ANALOG 
CONVERSION 



ANALOG TO 
DIGITAL 
CONVERSION (5) 



1 



1 



CENTRAL PROCESSING 
UNIT 

- CONTEXT AND 

VIGILANCE 
ALGORITHM 

- (6) 



I 





Permanent 




and/or 




^ removable - 




storage 




device. 



Video and Audio processing algorithm provides a means to store video and ^ 
audio of subject undergoing depth of anaesthesia monitoring in conjunction 
vwth time-synchronised reference. Furthermore the HCM System has the 
video processing capability to zoom into the patient's head and in particular 
automatically detect, record and alert for eye movement. This function 
provides a means of validating patient's anaesthesia depth during an operation 
using audio and visual means, particularly where anaesthesia recall can be 
claimed by patient's and require verification. 



FIG 43 
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Remote control to 
allow subject to 
communicate level 
or consciousness 
and pain. 
Sample of 
functions; 
-Alann select 
-Pain level 
-Consciousness 
level 




System for the 
investigation of 
Consciousness and 
Vigilance. 



FIG 44 



Version where 
active electrode is 
positioned directly 
at electrode 
attachment point 




Wireless module with direct 
attach format where wireless 
module attaches via press-stud, 
clip or slide in type connection 
formats direct to patient 
attached surface electrode. In 
this format the direct 
attachment provides advaritages 
of reduced interference due to . 
small interconnecting wire 
distances and active electrode 
format. 
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FIG 47 



PATIENT BATTERY OR SELF- 
POWERED WIRELESS ACTT/E 
ELECTRODE SYSTEM 



Electrode 1 of pair 



Electrode amplifier/buffer 
And analogue filters 



Electrode 2 of pair 



Electrode amplifier/buffer 

And analogue filters • 



Optional reference 
electrode for pair 



Electrode amplifier/biiffer 
And analogue filters 



Electrode identifier module. 
Optical, magnetic or electrical signal 



A/D 

converter 



User 
power 
status 
indicator 




Power niodule 
-self powered or self- 
power boost mode 
-battery recharge system 
-power supply and 
distribution system 
-standby and power 
conserve systems 



DSP 

-determine electrode type 
-set power management 
mode 

-set filters and gain 



Wireless based radio 
interference data buffer 
and automatic IP 
replication "catch-up and 
correct (CAC)" 
physiological wireless 
data link. 



Self-power and . 
transceiver aerial 



ri 



Transceiver 



Wireless linked network gateway system. 



« 
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Drug 

delivery 

system. 




Depth of anaesthesia 

Investigational 

device. 

Patient monitored 
variables 



FIG 48 



Power 




95 % spectral 



100% 



frequency 



FIG 49 



